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RADIATION CALCULATIONS USING LA HET/hl CNP/CINDER90

Laurie Waters

Los Alamos National Laboratory, MS H809

Los 44h17110s, Nt’uI ,\ltzzco $7545

ABSTRACT

The LA IIET (’ode Systcm is now being used to address a variety of topics in

radiation calculations Ileeried by high energy physics. Recent improvements to the

code are described, and two exal!)plt’ cnlcl]lations arr presented. The first illustrates

lhe Usc ()[ the code in silllllliitillg low energy Ileutrou resl)onsv for thr lract sL-illtilliLtor

samplin~ cidorimete: of Brookhavcn exprrilnt~nt 814. ‘1’he second dcscrihes the

nvutron fluence and activation calrll]ations done for the forward caloriuicter in the

proposed SSC GEM detector.

10 Introduction

‘1’he l)ced for silllulatiol)s (If various rmliation Cllviro[llllellts ill accelerator

]JroJfI’CtS such as SSC and 1,11(.’ is wrl] kl)own. ‘1’1. ‘)ssitde da]llage to sells itivr de-

tectors and electronics Inust he estinlated, rmd w Lvl(Iatc prot(w-tioll” designed. The

contribution to detector t.x-wkground noise wilhin the cdcu]atd rllvironlnt’[lt IIlust

be studied, Aids are also ntw~(ld in the dvsign o! shielding for dct.rctors IIUIIS and

iLcCess tullllels, Ilot only for ll{)rlllfil ol)(’ratiolls,” l)ut for P()); sih]c (Iisilstt’r srcl)ari(x.

l[lc’rciwillgl~ tllcre is a (Irlllilll(l for mlvallcc cslill)atrs of possible ri~(liatioll (10s(’s for

ttlose svrviring eqllipllleut, illl(l for uctivutit)-) illft)rll)titiol] for [Ictm-tor nli(l acceler-

ator co[t)ponvntsm Vt=ry sill) iltir Cwlclllatiolls ,irc a]st) esselltitil for lowt’r cl)crgy, I)ut

l]i~h intrnsity proposals such M the design of ])etltron targets for Acrrlrrator ‘l’ral~s-

ll~utation of Wastes, md A(lvitl~~e(l Nt*lltrol) Sf)llruls. ‘1’hr I,A II E’1’ (:o(Iv System

( l,(~S) is I1(IW Iwi[lg appliml to IIIILIIy of II)CSC tiisks. Al(ll]g wit,]) it (Ivscriptiol] of tllr

(’()(IC, tWO f’Xii Ill~l(’S mrv dcsrril)r(l ill tilis ])ill)(mr.

2, Tt](: LAll ET ~()(!C Syst(~lll



schwt d. AH phohms and (Jlrct rljns arc folhmwf with K(:S4, which hns I](Jw Iwcn

illlplvlnented into the LA IiET package. Primarily as all ;Lid to analysis of scintillator

response, the ]l(n,n) and lqC in reactions have been extended to .1 MeV directly

in the LA II F,’I’ code+, An intt>rface to the TRA1’R: c(}tle has also bern Mlllrd to

provide a sul]stitutr for the standard l]irks forllli-disn] O( srintilliltor light output.

l’he enhanced LAliET package is referred o as S[~PltRHET.

Ne~trous with kinetic energies less t..an 20 McV are written to a file for

further Ijrocrssil:g with the coupled neutron-photon nmnte carlo code M(:NP6. The

cllrrrnt version, MCNP4, will fully track not only photons (roln the (n,v) rractions,

but elect rons produced b} the gall~llms as WCII. The MCN P surface based gcon]etry

packagcl is used throughmlt the lKS.

Spallation products procluccd by SUP13RlIET and the neutron ffuenccs from

MCN P form the input into the CINDER9!)7 activation rode, wlwrc their subsequent

(Iecay is trackwl over time. CI.lrrclltly C1NI)ER90 supports a library of 736 tqyts

and I ‘20’23 rrart ions,

3. TIM ES14 PRrtici]mnt Cnlorilllcter

One rlcment of Flrookl]avell A(; S Rxpmilnellt H14 is a lead/scintillator sanl-

p]ing r;ll~milllvter kll(~wll il~ tli~~ Partililm[]t (’idorilllrtrr ( I’(IA l,), Figurr 3 shows

tllr (“(~listrllctioll of this dt’vicch. ‘1’11(1I’(’A14 c[msists of four idcl~lical (lllil(lrillltS

ill’riUlg(’(1ilrullll(l tilt’f.)t’illll (i;~. Wt), I’kll (lUidrilllt is sul)(livided into four “pie”

shaped slices of 22.5° oarh, al: 1 emch pie is further dividt=d radially into eight towers.

I’k]l tower is rmul out by a sci[]tillntor plate with the signal carried by a scintillating

fiber nmpled along the mlge of tlw platr. lJollgitll(lillally, thr ralorim’ter consists

()( altornatillg Itiyms of tl]c (].3 rn] thick scilltillittor iltl(l1.0 (-IIIled al)sorl)cr i)ltlt~s.

‘I”llt’ s(-illlilliltor ~li\t(hS !ir ill (). I clli I)olyl)ri]l)ylt’llt” t rikys. ‘1’IIcI l)(!/ll, is (Iivi(le{l illttj

,1 srgllwnts (fig. oh); thr first t’l(’t”trl~llliiglltstit” (l~:M.1 ) c(lnsistill~ of 6 l) b/sci stw’ticms,

the smumfl Cl(’ctrt)[lliigllt’tic ( I’IM2) consisting t~f 6 Pl)/sri smhtions, tlw first h:ulronic

( IIADI ) with 24 Pb/s,.i sl’rtitjlls MI(I tl~t~ scr(m(l lln(!rt)l~ir (I IAD2) with 23 l)l)/sci

st’cti[)llsm Ilhch of tlw f(mr srgllh I}ts is furttwr srp;watrd by I,6 cnl stcrl ]jlntes for

sll])port. ‘1’hr 1’(’.414 rolltains n tt)td [)( 4 lln(lr~mic il]trr:wtit)n Irngths,

I“igllrvs 4 tllrt)llgl) (; show lhv rcsulls of the I,(’S sillllllllli~)ns with 2,4[i (lcV/r

II IOII If II Illil II l)i4)lls ;II1(I I)rotol)s,” Ilsillg (Iillil tilkt’11 ilt tilt’ I\(:S”. l:i~llrr ,1 Sll(]w’s Illf’

t~llill ~“111”1’~J’t“l~lltilill(’(1 ill II:(’ 1)( ’A14 fl)l’ prol{)lls illl(lI)itllls. hl(’NIJ Illlf(u’tl llliltt”ly

(IIMIS 1101 trii~’k tllr rllitr~(~l I ]Iilrtil’11’ I)r(ulllrt.s of I(IW t=ll(’rgy llf’[ltrt~ll illlf.rarliljns;

t]lt’rf’f(~l”l’ t]l(’~~ l~i~rti{”l{’~ l~i[l~[ !Jt’ ~(’~(’lil-ril[(’{l 11~ llhill~ Ill{’ hl~:l~!’ Ill”lltroll f!llf’ll~(-

;Is iI sl)llrl.~’ illl)llt illtfj S1’1’1;1{111”1’1’. ‘l’tIt’ I’11’I’(’Itlf lllf’ If)w t’llt’rgy 111’lltrtllls is il

lllSlriLtfl(! l~y t“l}lllllill”ill~ tll(’ hillllllillit)ll 1’4’s1111S Willl S1’l)l’:l{lil’:’l’ ;ll(~ll(’, ;111(1 with

tll(’ Nl(’Nl’j S1:l)!’:l{lll’:’l’ :~ll;lly5is :11111(’[1 ill, ‘[sllr i’ll{v.t flf ;~llflill~ ill tllr rmlMIIIMI ltf

111’1111’~IIIs WI III kill~’ii~’ ~’llt,rgi[,~ III>s II I; III ![) \lt’\’is 10 illtri’:lsc’ III(* I’III*rI!y tlt’l)osilit)l)

Ilj)w’ilr[l I)y illl(lllt 11)”:,

lmIIIrrK,V tlt’l~{l~llillll ik !.lIII\vl I willlitl llIc’ V;lril)lls sc’~:111(’llth (III’ llIt’ I]ii)lls ill !i}(llrr

!I, “1”11(’tililk II( 1111’ tlistrillllli,lll:. ill’1” \\I’11 r!l~r~l~lll~ltll, ;IIIIl III) ltjll[lllll;~lizilli~lll ;II ;III



is rcqllirc(l I(I lllillt_ll tllr (Iiit ii. ‘1’11(’ pri~loll rwliid [Iistril)lltit)[l is SI1OWI1 ill figllrc 6.

In the silllulation, the enrrgy prr Ilnit area dt:pmiteci ill concentric ril]gs ot’ 4 cm

width centered itrmlnd the beim~ axis is shown. The points are joined with a solid

line to gllide the eye. Again, the sill~lllatiolls are ill good agrwmmt with the data.

4. The GEM Forward Cnlorilneter

TIIC simulation of th{~ (: E\l FC’AL usml in this illustration is shown in figure

i’. lhc device was l~,ivided into 16 srgnlents for the calculation, of which segment 1

is thr Ill(wt act. ivc The FX*AL is C(MIIPOSCCI of W.9’YO by volullle tu~;gsten absorber

(W N507C ), 6,1°% liqlici Argon, and .7% kaI~ton/mpl~m rei=uh~ut elements. Shown

in figure 8 are the distribution of spalla!ion products from S1l PERHET ant-l the

neutron fliwnce from MCNP which form the input into CINDER90. Structures

in t.lw nrut](m fluyllce (lue to rm)llal]c~s in the mwtrm sciittcring and absorption

sl)r’(.t r;~, Ilt)t;il)ly t ht’ (lip ~lt 10 t’\’, ;irt. t’ilSil~ rf’cognizcd. “1’llr fluenm=, when plotted

ils fl!N/d(]IIE) is rsselltiid]~ a ~~lUSSiiLl) pcakc(l aroul]d .1 McV. Ill similar calculations

for ot her I]laterials, it is quite notable that the positioning of the peak is largely

tlv:crlllill(.(1 I)y tllr size of tl)e (Ict(’ctor and t IIe lnitgnitu~le of the neutron rlastic

scat lcrillg cross section. The sllapth of the pmk is tl&r]llined by the overlap with

t’lasti~’ nll(l al)sorl)tit)ll r(’sollilllC(’s. Sllcli rtw)llitnrrs arr ])ositit)nd far Iwlow the

pc’ilk of tlI(’ Ft’:il. (Iiitil iil~(l (10 II(JI IIisturl) its sllii~(m.
Figllrc !1 Sulnllliiri~(~s the activity (h-nsity for the FCA1, section 1 over 30

tilnr steps. ‘1’lle prillli~ry beam is assutllm-i to run for 6 ll~onths, then shut off. Tile

suhst’qurllt (Iecay is followml for mnotl]m 6 Il]unths, ‘Hit’ sudden fall off at Shut(lown

is (Iue to thr (Iisnppcarancr of Vilriolls short Iivr(l rxcit.twl nuclear states. At shut-

(Iowll, ii Illaxillluln mrtivity (If’llsity of 1.1 Xlo 4 cifcr is rt’il(tl(’(1 (3.3 ci intt’gratr(l

I.)vtIr Srt”lil)ll I ). ‘[ ’11[’ Pltlt itlst) ill[lstrilt{’s tllr ct~lllrillulit}ll of Illt’ low cllergy 11(’iltroll

illll. rilcliolls to tll(’ Cill(’llliltioll. ‘1’hv Iowt=st (hllrvr {m tile I)lot rq)r~smts tl;(’ t-;dcu -

lill i~m only f(w S[:l)lll{l[l’:’l’ s])illl;ttioll Pr(](lucts. ot!m curves show the inrrfase

ill il(t.it~it~ as tllc Ilrutr(jll lll~(~llt-(’ ft)r vttrit]lis (’llcrgy rit~lgt~s is ridded in. NtJtc that

ollt” (li~~ ilftrr Sllllt(lo Wll, tllf’ (Jrigill;d spalliltioll Prmlucts acrt)unt for 20% 0[ the

iicti~ily. ollc Illaj(w h)ll K Iivml llllcli~lr il(’~~)lllllill~ for (Illlrll [)f tile artivity is W’H:’,

~x)lltril)lllillg :{oyil afwr (i l]l~}llltl% [If I)ralll , iill(l ti~l(l (IIIC (lily Illt(’r.

!VIII{”I] f)t Ilt”r (Iiltil is ilVililill)lf’ froi]l t 11(’ l“;il(”lllittioll, lJiKllrc I O Sl)(#Ws t 11(’ (1(’(’il~
lJ(Iir(’r. i.r., Ii)lii] (iII(mI’~~ I)f t]l(t ([(-(’ii~ ~ill]ll]liis illlt] (’!(’(.tro[ls, ill wiltts/(”(’, Not il][

IIf tli~’ ~illlllllil spm”tr;k for (If’ “ilJ’illg Illi(.li(lvs ilrl’ i\ V:lilill~l(’ ill tllr sliill,,.irtl ]il)rill’irs.
‘1’:) lt!iik~’ III) III(I (Iilrm’llct”, t~ik(m]l ~ll:kll~)wll Illlcli(h. WILS wi:;i~li(vl n ~pc.rtr~ill~ fr[jlll t]lr

kllll~! II tl;tt;i I)ilst.{1 (Ill 111~’(I V~III IIfISS ~lr 11(1(1II(Is\ II( its X ;IIIII A, illl(l fr(llll t;]~” cj Villll(

IIt’ III(* r(;i,li,]ll, ‘1’11(’ lIIIk III)\V IIS ;Ir(’ tlllilf. Is 1111’I liv(’~1. ilh is illllslriltl’(! ill till’ lil~llrf’

10,



infillit(~ SIPIJ of l]latt~rial wi[ll vnryillg thickness, and tllc tm(luiviilcnt dose calculated

at t ht. fl oNt 0[ the slab. Little contribution is seen from gamma sources cleep~r than

2 cm.

5, Conclusions

The l,CS and CINDER code systems continue to be used to calculate needed

ptiral]mters for m;my t,ypes of accelerator based operatio]ls. Current work includes

thr evaluation of lleutrol~ Iitlences at G Ehl and SDC, as well as activation of forward

clmllrnts in both detectors. Dt~tails of detector response to low energy neutron and

pllot{}ll l]ackgrollll~ls are also being studied. ““1’hecode is also highly ill]portant to

the (Icsign of neutron sollrce at a variety of facilities.

‘1’hc contril~lltions of the LCS and (’INDII; R90 code developers and a~q.J.i-

c;ltions exprrts itre gratefully acknowledged, especially Avigdor Gavron, Richard

I’ri\t’1, Hill \Yi15011, ‘1’al Ellgllllld, (~rady II Igllt’s and Ilctlry l,itml]tt~l]st.(’i[l. I would

also like tt) thank our collaborators at LAMPF and SSC, especially David Lee,

,In(lrr;k I);llt)llll(’k iilld Klirlliiel !tIarx.
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